ABSTRACT
Introduction 47
Cyanobacteria ('blue-green algae') are amongst the oldest, most abundant and widely 48 distributed forms of life on the planet. These bacteria provide a basis for many of the world's 49 aquatic ecosystems [1] , and are one of the world's major carbon-sinks and oxygen producers 50 [2]. However, in drinking or recreational waters, particularly during warmer months of the 51 year, high-density cyanobacterial populations (i.e., blooms) may represent a significant threat Currently, a range of methods exist for the detection of toxic cyanobacteria in water.
59
These include immunological, microscopical and DNA-based approaches. Various 60 immunoassays allow the direct detection of cyanotoxins in water samples [9] ; however,
61
although often easy to use, such methods have limitations, both with respect to sensitivity 62 (false-negatives) and specificity (cross-reactivity and false-positives) [10] . Although more 63 sensitive and specific chromatography and mass spectrometry approaches are available [9] , 64 they can be costly and time-consuming for routine use. The primary tool used to determine the 65 level of risk for cyanotoxin production is routine water surveillance and the identification of 66 potentially toxigenic cyanobacterial species by light microscopy [11] . Although this allows 67 taxonomic identification, toxigenicity cannot be assessed based on morphological observation 68 alone [12] .
69
The ability to produce cyanotoxins has been demonstrated to relate to specific cyanobacterial blooms [13, 14] . The advantage of these approaches is that they are low-cost and 73 highly sensitive, and when coupled to mutation scanning tools and/or direct DNA sequencing, 74 can allow assessment of the toxigenic potential of a cyanobacterial bloom. A limitation is that 75 numerous, highly distinct toxigenic species can occur in the same geographical region or 76 bloom [15] [16] [17] . Therefore, samples must be assessed using multiple distinct PCR assays, often 77 using different cycling conditions. Multiplexed PCR, wherein multiple primer pairs are used to 78 target and amplify distinct loci simultaneously in a single reaction, has been pursued as a 79 method to improve the efficiency of PCR-based detection of toxigenic cyanobacteria [18] [19] [20] .
80
Although effective, competition among primer pairs in multiplexed reactions often presents a 81 significant technical challenge and differentiation/quantification of each amplicon relies on the 82 use of target-specific (e.g., Taqman) probes, each labeled with a distinct fluorochrome, and, analytical amplification phase, with nested primer pairs specific to each assay run in tandem.
91
Because the multiplexed stage of the PCR is terminated prior to exponential amplification, 92 competition among primer sets is minimized and quantitative capacity is maintained [21] .
93
When coupled to a final melting-curve analysis, the entire process is conducted remotely using During the initial assessment of each MT-PCR assay, we determined the detection 244 sensitivity and specificity of each assay against characterized toxigenic and non-toxigenic 245 cyanobacteria cultures (see Table 1 ). In addition, each assay was tested against a panel of ecosystems (see Table 1 ). All positive controls were shown to amplify as expected, and the preparations (see Table 2 ). The correlation coefficients, comparing the gene-copy estimates and sxtI assays respectively (Fig. 1) . Amplicons (n = 3) representative of each distinct SSCP 291 profile for each MT-PCR assay were selected, cloned and sequenced (see Fig. 1 ). All in any of the MT-PCR assays for any of the 100 'known-negative' water control samples.
297
To assess the diagnostic sensitivity and specificity of these assays [33] PCR assay or direct toxin detection (Table 4 ). Based on these metrics, diagnostic specificity for In the present study, we developed an MT-PCR based assay for the rapid, semi- is that our PCR method failed to detect these samples simply because the cells relating to the 363 toxin production had lysed prior to our receipt of the material and while residual levels of toxin 364 were still detectable, the DNA corresponding to the toxigenic gene cluster was not. In the 365 authors' opinion, these latter two explanations are the most likely. We note that all of the false- (70% of samples tested), followed by SXT producers (65%), NOD producers (51%) and CYN 375 producers (46%) (Fig. 2A) . Interestingly, although we tested 21 samples from Queensland, 94 these bacteria during drought periods may provide an interesting contrast.
386
Although the prevalence data suggest a fairly diverse bloom community in the samples 387 tested, these numbers differ markedly from the abundance data based on gene copies/ml 388 estimates from the MT-PCR assays (Fig. 2B) . By abundance, the median gene copies/ml were estimated to contain < 1000 toxigenic cells/ml, and 70% < 5,000 cells/ml, the 'low-risk'
409
cell density threshold for recreational water [24] . These findings clearly demonstrate the utility 410 that quantitative PCR-based approaches, such as that developed here, provide in supplementing 411 existing bloom-monitoring strategies.
412
A logical extrapolation of these findings would be to establish a 'safe detection and toxigenic gene copy numbers is established.
433
We note here, also, that in the present study the threshold for sample inclusion (i.e., 
